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(54) Hydrogen reffinement apparatus 

(57) The present specification disclosed a hydrogen 
refinement 1 apparatus comprising a reformed gas feed- 
ing part containing at least a hydrogen gas and water 
vapor, and a reaction chamber equipped with a carbon 
monoxide shifting catalyst body downstream said 
reformed gas feeding part, wherein said carbon monox- 
ide shifting cBtatyat body comprises a carrier supporting 
Pt, the carrier being composed of at least one metal 

FLG.l 



oxide having a BET specific surface area of 10 mrVg or 
more, and a method for op ere ling the apparatus. The 
present invention provides improved heet-resisrtance of 
the CO shifting catalyst body, and can operate stably 
even if the apparatus Is activated and stopped repeat- 
edly. 
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Description 

BACKGROUND OF THE irgVENTION 

5 [0001] The present invention relates to a hydrogen refinement apparatus, which refines a reformed gas containing 
hydrogen as Hie main component and, in addition. CO and provides a hydrogen gas of htflh purity. 
[0002] As the hydrogen source for a fuel cell, a reformed gas obtained by reforming hydrocarbons, alcohols, ethers 
and the like. In the case of a solid polymer type fuel ceo operating at a lower temperature oflOO 0 C or less, there is a 
fear that a Pt catalyst used In an electrode te poisoned by carbon monoxide (CO) contained in the reformed gas. When 

to a Pt catalyst is poisoned, the reaction of hydrogen Is disturbed and the power generation efficiency ol the fuel cell 
decreases remarkably, therefore, It Is necessary to lower the concentration of CO to 1 00 ppm or less, preferably 10 PP m 
or less. 

[□003] Usually, for removal of CO, CO end water vapor are subjected to a shift reaction for conversion into carbon 
dioxide and hydrogen, in a CO shifting part equipped with & CO shifting catalyst body. By this conversion, the CO con- 
is centration can be reduced to a concentration of about several thousands ppm to about 1%. Then, CO Is removed to 
about 10 ppm level causing no adverse Influence on the fuel cell, by adding a clight amount of air and utilising a CO 
selective oxidation catalyst body. 

[0004] Herein, lor sufficient removal of CO, It is necessary to charge oxygen in an amount of 1 to 3-fold of the 
amount of CO to the above-mentioned CO selective oxidation catalyst body, and hydrogen is also consumed in an 

so amount corresponding to the amount of oxygen. That is, when the CO concentration Is high, the amount of oxygen to 
be added also increases end the amount of hydrogen consumed Increases, leading to significant reduction In the effi- 
ciency of the whole apparatus. Therefore, it is necessary to decrease sufficiently CO in the CO shifting part 
[00051 Conventionally, there have been used, as the CO shifting catalyst, copper-zinc-bascd catalysts, copper 
chromium-based catalysts and the like for lower temperatures, which can be used at ISO to 300° C, and iron-chromium- 

25 based catalysts and the like for higher temperatures, which can function at 3Q0 y C or more. Further, there have been 
used CO shifting catalysts singly, or combinations of CO shifting catalysts for higher temperatures and for lower tem- 
peratures, depending on use conditions tor chemical plants and hydrogen generating apparatuses for luel cell. 
[0006] Whan the above-mentioned copper-bswed CO shifting catalysts for lower temperatures ana used as the 
main catalyst, extremely high catalytic activity Is obtained, however, there is a need to perform reduction treatment 

so before use to give activation. Further, due to heat generation during the activation treatment, the treatment has to be 
conducted over a long period of time while controlling the feeding amount of a reduction gas, for example, so that the 
temperature of the catalyst doss not exceed the he at- resistant temperature. Moreover, there is a posslblliry that a CO 
shifting catalyst once activated is oxidized again and deteriorated when oxygen is introduced into the apparatus in stop- 
ping and the Hke. Therefore, eountermeasurea are required such as prevention of oxidation. Also, since the CO shifting 

as catalyst for lower temperatures Is inferior In he at- resistance, and the catalyst can not be heated steeply or acutely in 
starting the apparatus, it is required to increase the temperature gradually. 

[0007] On the other hand, when only the CO shifting catalyst for higher temperatures Is used, heating in starting 
has no difficulty, since there is no problem when the temperature increases somewhat excessively due to high heal- 
resistance thereof. However, since the CO shifting reaction is an equilibrium reaction depending on temperature, when 
40 a CO shifting catalyst functioning only at hlghar temperatures is used, it Is difficult to control the CO concentration ot a 
shifted gas to 1% or less. In addition, there Is also a problem that purification efficiency towers in a CO purification part 
connected to the downstream of the CO shifting part 

[0008] As described above, since a longer time te necessary for activation of a shifting part in a hydrogen generat- 
ing apparatus and handling of the shifting part Is complicated in wuventiwrat technologies, a hydrogen generating 
45 apparatus suitable for frequent repetition of startlng-up and stopping cannot be provided. 

[0009] Accordingly, an object of the present invention is to solve the above-mentioned problems and, In concrete, 
to provide a hydrogen refinement apparatus, in which activation treatment of a CO shifting catalyst la easy and Influ- 
ences by oxygen Introduction during the repetition of starong-up and stopping of operation are decreased, and which 
operates stably for Q longer period of time. 

so 

BRIEF SUMMARY OF THE INVENTION 

[001 0] The present invention relates to a hydrogen refinement apparatus comprising a reformed gas feeding part 
for feeding a reformed gas containing at least a hydrogen gas and water vapor and a reaction chamber equipped with 
ss a carbon monoxide shifting catalyst body positioned downstream from said reformed gas feeding part, wherein Baid 
carbon monoxide shifting catalyst body comprises a corn or composed of at leant one metal oxide having a BET epecino 
surfacB area of 1 0 rmVg or more and Pt supported or carried thereon. 

[001 1 ] It Is effecthre that the BET specific surface area of the above-mentioned canter is 250 mr/g or less. 
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[0012] Further, it is effective that the above-mentioned metal oxida Is at least one oxide of one selected from the 
group consisting oi Mg. AJ, Si, Ca, Tl, Cr, Fe, Zn. Y, Zr. Nb, Mo, Sn, Ba and lanthanoid. 
[Qui 3] Furthermore, ft is effective that the BJbove^nentioned metal oxide is an oxide containing Ce. 
[0014] inihe caee. It ts effectlva that the above -mentioned metal oxide further contains Zr. 
a [00151 Further, in the hydrogen refinement apparatus ot the P iea«it invention, it is effective that the above-men- 
tioned carbon monoxide ahifting catalyst body comprises a carrier supporting Pd. Rh or Ru in an amount of 0.1 to 0.5% 
by weight based on Pt In addition to PL 

[0016] Also, the pre«ftnt invention relates a method for operating the above-mentioned hydrogen refinement appa- 
ratus. Narnety, the present invention relates to a method for operating a hydrogen refinement apparatus comprising a 

w reformed gaa feeding part tor feeding a reformed gas containing at least a hydrogen gas and water vapor, and a reac- 
tion chamber equipped with e carbon monoxide shifting catalyst body positioned downstream from said reformed gas 
feeding part; aforementioned carbon mono* da shifting catalyst body comprising a carrier composed of at |«st one 
metal oxida having a BET specific surface area of 10 mftg or more and Pt supported thereon, wherein the ternperature 
of aforenientioned n«rhnn monoxide shifting catalyst body is control from 160 to 450° C. 

w [00171 m this method, ft Is effective to control the temperature of tha upstream side part of the above-mentioned 
carbon monoxide shifting catalyst body higher than thai of tho downstream eWe pan of th«i carbon monoxide shifting 
catalyst body. 

[001 8] Further, It Is effective to feed a reformed gas containing 24 to 50% by volume of water vapor. 
m BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 
[0019] 

Fig. 1 ia a schematic longliudlnal sectional view showing the constitution ot a hydrogen generating apparatus con- 
25 talning a hydrogen refinement apparatus of the present Invention, 

Fig. 2 Is a schematic perspective view oi tha carriers in the form of a pallet 
Fig. 3 is a schematic perspective view of a carrier in the form of a honeycomb. 

DETAILED DESCRIPTION OF THE INVENTION 

30 [0020] The present invention will be illustrated with the following typical embodiments, by referring to drawings. 
[0021] Ra 1 Is a thematic longitudinal sectional view showing the constitution of a hydrogen generating appara- 
his containing a hydrogen refinement apparatus of the present invention. In Fig. 1. ft raw material gas feeding part 1 
feeds Q raw material gas comp rising a fuel and water vapor. This hydrogen generating apparatus comprises a reforming 

» reaction chamber 3, CO shifting chamber 8 and CO purifying chamber 11 . The apparatus further c»mpnaes a haat 
exchange fin 2, reforming catalyst body 3a, heating bumar 4, exhaust port 5, CO shifting catalyst body 6a, tharrmoii- 
ple 7, temperature controller 8, cooler 9. air feeding part 10, CO purifying catalyst body ha and discharge port 1 2. The 
periphery of necessary portions of tha reaction chamber may be covered with a heat insulating material composed of 
ceramic wool to keep the reaction chamber at constant temperature (nor shown). 

40 [0022] The CO shifting catalyst body 6a is prepared by impregnating an alumina canter In the form of a pellet 
shown in Fig. 2 with a Pt salt. As the reforming catalyst body 3a. a M-based catalyst usually used is employed, and as 
the CO purifying cataJyet body 1 1 a, a Pt -based catalyst is used. 

[0023] in Fig. 1 , the reforming catalyst body 3a and tha CO purifying catalyst body ha are also ehown for explana- 
tion of the basic mechanism of the hydrogen refinement apparatus uf Uie present invention. 
«*5 [00241 Then, operations and properties of the hydrogen generating apparatus containing the hydrogen refinement 
apparatus of the present Invention will be described. In the hydrogen generating apparatus shown in Fg. 1 , the hydro- 
gen refinement apparatus of the present invention corresponds lo the CO shirting chamber G. 

10025] As the fuel used for generating a reformed gas to be fed to the hydrogen refinement apparatus, there are 
natural gas, methanol, gasoline and the like for example. As the reforming method, there are a vapor reforming method 
so In which water vapor is added, a partial reforming method in which air Is added, and the like. In this example, a case will 
ba described in which natural gas is vapor- reformed to obtain a reformed gaa. 

W026] A mixture of natural gas and water vapor is fed from the raw material gas feeding part 1 and preheated by 
passing through a route heat^xchanged by the heat exchange fin 2 and. then, allowed to contact with the reforming 
catalyst body 3*. The reforming catalyst hnrfy 3a has bean heated at 500 to BOO* C by the heating burner, and the raw 
ss material gas is converted into hydrogen and CO and carbon dioxide at a conversion ratio of approximately 100%. 

[0027] The composition of the reformed gas somewhat changes depending on the temperature of tha reforming 
catalyst body 3a Usually, In terms of the average composition excepting water vapor, the reformed gas contains about 
60% ot hydrogen, about 10% of carbon dioxide and about 1 0% of carbon monoxide. This reformed gas ts fed to the CO 
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shifting catalyst body 6a. to cause a reaction of CO with water vapor. Since the CO shitting catalyst body ^ 'unions 
white the reforming catalyst body 3a is functions at about 500 to 800- C. the ^erature of the 
reformed gas is controlled to make the lernpeialure of the CO shifting catalyst body 6a optimum by detecting , the tern- 
pJZTo^e upstream aide part of the CO fitting catalyst body 6a with the Therm a -up^ 7 and controlling the output 
of a coonrg fun attached to the cooler 9 with the tennperature controllar B having feed back mechanism. 
[00281 The CO concentration of the gas (shifted gas) after passing through the CO shifting catalyst body Gb Is about 
0 5%, Therefore, after mixing the shifted gas with air containing an oxygen In an amount copending |to 3-fold of the 
CO corcerrtratlon of the shifted gas, the mixed gas is fed to the CO purufylng catalyst body 1 1 . In tha CO purifying cat- 
alyst body 11, CO is removed to a level ol 1 0 ppm or less, and the gas is fed through the discharge port 1 2 to a fuei cell. 
[0029] Then, the operation theory of the hydrogen generating apparatus containing the hydrogen refinement appa- 
ratus of this example will be described. In this embodiment, the CO shitting catalyst body 1 la, which is the feature of 
th8 present invention, will be Illustrated tn detail. ^™ rttTO t,nr, 
[0030] The CO shifting reaction Is an equilibrium reaction depending on temperature, and the CO concentration 
can be decreased further when the reaction is conducted at lower temperature. On the other hand, the reason rate is 
decreased at lower temperature, there exists a temperature at which the CO concentration Is decreased as lowered as 
oossibte Usually copper-baaed shifting catalysts such as oappor-zinc catalysts, copper-chromium catalysts and the 
iite used as the CO shifting catalyst can cause a CO shifting reaction at around 1 50 to 250* C. Further the CO concen- 
tration can be decreased to about from several hundreds to several thousands ppm depending on condition* ^However, 
copper-based catalysts have ta be activated by passing through of a reduction gas such hydrogen or reformed gas after 
filled in a reaction chamber, and the heat resistance of the copper based catalysts is as low as around 300 C There- 
fore so as not to exceed the heat- rftRtemnT Temperature by the reaction heat In activation, the reduction gas should be 
diluted with an Inert gas and the Tike before feeding, or the reaction shouW be proceeded gradually at a lower flow rate, 
requiring a lonuer period of time. Also in starthg-up of an apparatus, heating chould be effected slowly over a long 
period of time so as not to exceed the heat-resistant temperature by surplus hear Increase, and a tot of problems occur 
25 in a use with a frequent repetition of startlng-up and stopping. 

[0031] While in the hydrogen refinement apparatus of the present invention, a Pt catalyst is used as the CO shifting 
catalyst body G and this catalyst has higher heat-resistance as compared with copper-based catalysts, thsrafora, no 
significant deterioration occur even in the case ol high temperatures around 600° C In starting-up of the apparatus. Fur- 
ther there is no need for activation for fl long period of time in a reduction gas like in the case of copper-based catalysts. 
30 Even if air is Introduced Into an apparatus when the apparatua is stopped, no catalyst deterioration due to nidation 
occur aa in case of the copper-based catalyst. 

[0032] Usually, noble metal catalysts have high activity against various reactions, and exhibits sufficient activity 
even at a smaller amount the noble metal supported on a carrier, as compared with catalysts using transition metals. 
Further, noble metBls tend to be reduced due to small production heat of oxides thereof, and generate small heat when 
jc activated with a reduction gas. Consequently, Pt catalyete need no activation over a long period of time whDe passing 
a reduction gas as In case of Ihe copper-based catalysts, and can provide sufficient activity only if a reformed gas is 
allowed to pass tor several minutes after fiiring of the catalyst. 

(0033] Any of noble metal catalysts such as Pt, Pd, Rh, Ru and the like can cause a CO shifting reaction, however, 
the reactiun selectivity thereof Is relatively low due to the high activity, t-urther, a methanization reaction of CO or carbon 

40 dioxide proceeds as the aide reaction of the CO shifting reaction, depending on conditions. Then the methanization 
reaction proceeds, hydrogen is consumed to decrease efficiency ol the whole apparatus. Usually, in the temperature 
range from 1B0 to ABO* C in which the CO shifting reaction la conducted, the methanization rre**lnn proceeds further 
at higher temperatures, and the methane yield varies also depending on the kind of a noble metal. The reason for this 
is that a CO adsorption mechanism vhTww Utfpwiidli iy on Ihe kind of a noble metal. In casa of the Pd, nh and Ru. the 

45 temperature range, m which a CO shifting reaction easily proceeds, is narrow because Pd, Rh and Ru having the CO 
adsorption mechanism facilitating the methanization reaction generate methane at relatively lower temperature. 
[0034] Contrary thereto, the Pt catalyst used In the present Invention does not easily cause a methanization reac- 
tion, and can provide a CO shifting reaction in a wider temperature range. 

[0039] For obtaining sufficient catalyst activity, It Is necessary to make the size of a Pt particle smaller and to pm- 
so vide the particle with a lot of active points. For this purpose, It ia preferable that Pt is supported on a metal oxide having 
a BET specific surface area of 1 0 mrVg or mora In the present Invention, the BET specific surface area means a specific 
surface area measured by a known measuring method, in which nitrogen Is adsorbed on a powder. Though there Is no 
limitation on the upper limit of the BET specific surface area. It Is preferably from 1 0 to 250 mfrg. 
[0036] The mRtnl oxide for the carrier, which supports Pt, is preferably at least one oxide of one selected from the 
sa group consisting of Mg, At, Si. Ca, Ti, Cr, Fe, Zn. Y, Zr. Nb, Mo, Sn, Sa and lanthanoid. That Is, the metal oxide may be 
a complex metal oxide containing a plurality of metal elements. 

[0037] O n the contrary, when a metal oxide of Cu, Mn, Co, Ml and the like which are not included in the above-men- 
tloned group Is used, the effect of the present Invention can not be obtained duo to heat generation by reduction with a 
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reformed gas after filling of tha catalyst a3 In the case of a Cu -based CO shifting catalyst 

[00381 When tha BET specific surface area of a metal oxide and complex metal oxide Is less than 10 m 2 /g, Pt is not 
tufty adsorbed the degree of dispersion of Pt decreases, consequently, no sufficient catalyst activity »s obtained. Fur- 
ther, when the amount of supported Pt Is reduced to decrease the particle size of Pt, the number of active points 
decreases and sufficient activity is not obtained. 

[003*1 Examples of specific mete) oxides Include alumina, silica, silica alumina, zhtonia, titania, zeolite and the like, 
particularly 1mm a viewpoint that high activity can be obtained. These metal oxides may bo used atone, reflectively, or 
in combination of two or more In a ratio, which does not deteriorate the effect of the present invention. 
[00401 The Teason for hi^h activity of those metal oxides Is that these oxides relatively stable against alkalis and do 
not change by an acidic or basic Pt salt. If a metal oxide and the like change by a Ptsalt, Pt is buried into the metal oxide 
and the like to reduce the activity. 

[0041] Further the above-mentlDned metal oxide is preferably an oxide containing Ce. The reason why cerium 
oxide ia preferable will be explained below. In cerium oxide, the difference between trivalsrt Ce and tetravalent Ce is 
small and they are easily oxidized and reduced. Accordingly, it is known that oxygen in cerium oxide easily transfers in 

is the lattice and eas lly react simultaneously. On the other hand, since Pt is facilitated to adsorb CO, when Pt is supported 
or carried' on cerium oxide, the adsorbed CO reacts with oxygen in cerium oxide to give carbon dioxide. The source ot 
oxygen thus consumed Is In air in usual air atmosphere, while the source is water vapor in a reformed gas atmosphere. 
Therefore in a hydrogen refinement apparatus, a water molecule is deprived of oxygen and release riydiogen there- 
from Namely an aqueous pas shift reaction will proceed In which CO reacts with water vapor to produce carbon dioxide 

m and hydrogen. Thai cerium oxide Is facWtatad to have a hydroxy! group on the surface thereof is a cause promoting 
depriving oxygon from water vapor. As apparent from the above-mentioned description, due to necessity of contact of 
PI with cerium oxide, Pt is dtspersedly supported on a cerium oxide carrier having high specific surface area, to obtain 
high ablltry. Also, Ce has etrecLs to suppress or inhibit a methanlzatlon reaction on a Pt catolyot ond to improve activity 
at tower temperatures against a CO shifting reaction. 

25 [0042] Further, when cerium oxide is complicated with zirconia <ZrJ, lanthanum (La) and/or zinc <Zn) and the like, 
lattice failures increase facilitating transfer of oxygen in the lattice. In other words, In an oxide of cerium and Zr, La and 
/or 7n. oxygen transfers easily. Also, the heat resistance of cerium oxide having relatively low heat resistance can be 
improved. 

[00431 A* tna raw material of Ce, nitrate salts, acetate salts, hydroxides and the tike are exemplified. However, when 
so the addition amount of Ce Is large, the BET specific surface area of a metal oxide may be less than 10 m z /g depending 
on the preparation method, and in this case, high activity is not obtained. 

[0044| As described above, sines cerium oxide itself hast relatively lower heat resistance, tha heat resistance ia 
Improved by complication with Zr. Namely, composite metal oxWes containing Ce and 2r are preferable. Also, there is 
no specilic restriction on the method to complicate cerium oxide with Zr, and there can be used, for example, a co-pre- 
so olpHation method, so I -gel method, alkoxid* method and the r*e. Further, Zr may be incorporated into cerium oxide, or 
cerium may be Incorporated Into zirconium oxide. 

[0O45] Further, when one selected from Pd, Rh and Ru is added In an amount of 0.1 to 0.05-foid based on the 
weight of PL further higher activity is obtained. Since these noble metal elements facilitate a methanlzatlon reaction, 
they alone cannot easily obtain higher ability as tha CO shifting catalyst, but complication thereof with Pt can improve 
40 the ability of a Pt catalyst. For smooth reaction ot CO on the Pt, mere needs some active points remained on tha Pt. 
However, CO has higher affinity to Pt than the other molecules and tends to close the active points on the PL Such tend- 
□ncy lo remarkable as the temperature la lower. By adding the slight amount of Pd, Rh and /or Ru. the above-mentioned 
phenomenon can be Inhibited. 

[0046] When these noble metals are added in an amount of more Uwn 0.5-fvW based on the weight of Pt proper- 
ty ties of tha noble metals emerge and the methanizatton reaction becomes remarkable, preferably, and whan less than 
0.1 -fold based on the weight of Pt, the effect ot addition does not appear at all. 

[0047] Tha hydrogen refinement apparatus of the present invention exhibte particularly high ability tr the tempe re- 
hire of the CO shifting catalyst body 6a is controlled from 150 to 450° C. In the CO shifting reaction, the CO concentra- 
tion decreases further at lower temperature from the equilibrium point of view. And, when over 450° C, the CO 
so concentration cannot be fully decreased and an amount ot the methane generated increases to reduce the efficiency 
ot hydrogen generation. On the other hand, at a lower temperature of less than 150* C, the CO concentration increases 
from the viewpoint of the reaction rate 

rpo4g] Further, when the temperature of the downstream sloe part of the CO shitting catalyst body 6a is controlled 
to be lower than the temperature rrf the upstream side part thereof by cooling the downstream side part of the CO shrft- 
ss Ing catalyst body 6a, particularry high ability is obtained. Since the CO shifting reaction Is an exothermic reaction, the 
reaction heat generated In the upstream side part of the CO shifting catalyst body 6a lo transmitted via the reformed 
gas to the downstream aide part. Therefore, tha temperature of the downstream side part ot the CO shifting catalyst 
body 6a la easy to be higher than that of the upstream eWa part, and even if the CO concentration Is fully decreased in 
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the upstream side part the CO concentration increases In the downstream side part having higher temperature again 
by a reverse reaction. Therefore, by controlling the temperature of the downstream side part to be lower than the tem- 
perature of the upstream side part the reverse reaction can be suppressed or inhibited, 

[0049] Herein trie temperature of the upstream side part of the CO shifting catalyst body 6a and the temperature 

5 ol the downstream side part ol the CO shifting catalyst body 6a are average temperatures of the upstream side half end 
the downstream side half, respectively, or hi the case of division into the upstream, middle stream and downstream, the 
averafle temperatures of the upstream and downstream, respectively. Whan ths temperature of the most upstream part ■ 
lowers exceptionally by cooling only the most upstream part, the average temperature of the upstream part excepting 
the this most upstream part is regarded as the temperature of the upstream part. 

jo [00501 Further when the amount of water vapor contained In a reformed gas Is from 24 to 50% by volume, partic- 
ularly high activity is obtained. It ts more preferable from the equilibrium point of view when the average content of water 
vapor in the reformed gas s higher, and specifically, the CO concentration lull/ decreases when water vapor Is con- 
tained in an amount of 24% by volume or more. On the other hand, whan the water vapor content increases, the flow 
rate increases causing a disadvantage in the reaction rate, and specifically, when the content is more than 50% by vol- 

i6 ume, the CO concentration cannot be decreased sufficiently. 

rposi] The amount of water vopor contained in a reformed gas can be controlled by the ft mount of feeding water 
since the waLer vapor amount can be Increased by addition ol water at intermediate part beLween a reformirig chamber 
and a shifting chamber. , . „ 

ro052] In this embodiment, the case has been illustrated in which a carrier is In the form of a pellet, and the CO srtfTt- 

» ing catalyst body Gs « produced by Impregnation of a ft salt, however, the CO shifting catalyst body 6a may be 
obtained by maUing a slurry of a nfltalyst body, which had been prepared previously by supporting Pt onto an alumina 
powder end by coating this slurry on b. carrier composed of a heat-resistant metal material such as cordiurite, mullite 
and the like. Also in this case, a shifting catalyst body having the ©amo ability le obtained. In this case, the amount of a 
metal powder may be decreased tor coating only on the surface. Alternatively, by using a material having strong heat 

26 impact-resistance as the carrier, cracking or break ol a catalyst body caused by heat Imped due \i> sltullng-up and stop- 
ping is Inhibited. 

[0053] Further, also the carrier may be in the form of honeycomb as shown Fig. 3 in addition to the pellet form 
described above. In the case of honeycomb form, rjanrnetrlcal surface area per unit volume increases and contact area 
between the CO shifting catalyst body and the reformed gas Increases, consequently, more efficient reaction can be 
3D conducted. In the case of e carrier in the form of e pellet, ft is also possible that a catalyst Is filled In a column and the 
like end a reformed gas is passed through it to carry out the shift reaction. 

[OOS4] Moreover, there is no specific restriction also on the catalyst constituting the reforming catalyst body 3a, and 
those catalysts which can reform a fuel such as noble metal -based catalysts, other transition metal-based catalysts and 
the Ilka can be widely used, Also as the fuel and reforming method, other fuels may be used, and a partial reforming 
3? method in which a part of a fuel is oxidized by addition of air may be used, 

[0055] The following examples illustrate the present further In detail below but the present invention Is not limited 
thereto. 



EXAMPLE 1 

40 

[0056] Metal oxides or composite metal oxides 1 to 34 having compositions shown In Table 1 were melded into pel- 
lets having a diameter of 6mm and e height of 3 mm. Then, these pallets were mixed into a 4 wt% (on the basis of Pt 
weight) solution of dinitrodiammmeplatinum (PttNO^CNHak) in nitric acid, placed in an electric oven as they were, and 
sbiLwutl at SOW C for 1 hour in air to prepare CO shifting catalyst bodies comprising samples 1 to 34. The BET e pacific 
46 surface areas of these samples measured previously are shown In Table 1 . 

[0057] Then, the samples 1 to 34- were used as tha CO shifting catalyst body 6a in the hydrogen refinement appa- 
ratus shown in Fig. 1, and the catalytic abilities thereof were evaluated 

[0058] First methane, which ts the main component of natural gas, was used as a fuel and water vapor In a volume 
3 fold based on methane was mixed and introduced into the raw material gas feeding part 1. The reformed gas after 
so passing through the heated reforming catalyst body 3a contained B0% of hydrogen, 1 1 % ol CO and 9% of carton diox- 
ide. The content of water vapor was measured by the dev» puhtt of the reformed gas to find it was 25%. This reformed 
gas was fed to the CO shifting catalyst body 6a, and the CO concentration ot tha shifted gas after passing through the 
CO shifting catalyst body 6a was measured by gas chromatography. The results are shown in Table I . 
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Tabla 1 



10 



T5 



25 



35 



40 



45 



SO 



SS 



Sample No. 


(Composite) Metal «ride 


BET specific surface 
area (m c /g) 


CO cone. (%) 


1 


MgO 


52 


U->>U 


2 




121 




3 


sio 2 


B4 


OJ2i> 


4 


CoO 


32 


O.9O 


5 


no 2 


93 


0.20 


6 




41 


030 


7 


Fea0 3 


21 


0.80 


8 


2nO 


74 


U.4U 


9 


Y 2 Oa 


42 


□.GO 


10 


ZrO z 


111 


0.1 5 


11 


NbQ 2 


86 


0.30 


12 


MoOg 


15 


0,80 


13 


SnO ? 


35 


0.70 


14 


BaO 


12 


0.90 


15 


lA>Q3 


81 


0.40 


IB 


Pr 2 O a 


75 


035 


17 


Nd 2 0 3 


B8 


0.45 


18 


Sn^Oa 


62 


0.40 


19 


EUzOa 


55 


0.35 


20 


Qd 2 0 3 


45 


0.55 


21 


Tb 2 O a 


61 


0.7O 


22 


Dy 2 0 3 


79 


0.6O 


23 


Hos.0 3 


75 


0.40 


24 


Er 9 0 3 


82 


0.40 


25 


Tm 2 0 3 


77 


0.50 


26 








27 


LUaOg 


34 


0.70 


2fl 


Type A zeolite 


415 


0.2O 


29 


Type X zeolite 


253 


030 


30 


Type Y zeolite 


325 


0.25 


31 


Mordenite 


151 


0.36 


32 


ZSM-5 


132 


0.20 


33 


Type p aseoHte 


2SS 


0.30 


34 


Silica alumina 


212 


0.15 
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15 



20 



25 



EXAMPLE 2 

[0059] Mixtures of an alumina powder with a saturated aqueous solution of cerium nitrate were placed In an electric 
oven sintered at 5(MT C tar 1 hour in air, to complicate alumina with Ce. Then, the mixing ratios of an alumina powder 
with an aqueous cerium nitrate solution were variad corresponding to the compositions of the metal oxides shown in 
Table 2 to prepare samples 35 ta 37 having compositions shown in Table 2. 

rocsol The samples were molded into pellets having a diameter of 6 mm and a height of 3 mm, then, these pellets 
were mixed Into a 4 wt% solution of dinttrodiammineplatlnum (PtfNOcfeCNHafe) in nitric acid, and sintered in an electnc 
oven at 500° C for 1 hour in air to prepare CO shifting catalyst body comprising samples 35 to 37. 
raoeil Then the CO shifting catalyst bodies were filled Into the hydrogen rellncment apparatus shown hi Fig. 1 , Ihe 
reformed gas wasted, and the CO concentrations after passing through the CO shifting catalyst bodies 6a were meas- 
ured by gas chromatography. In the same manner as in Example 1 . The results ere shown In Table 2. 

EXAMPLE 3 

[00621 Ammonia was added to a saturated aqueous solution of cerium nitrate to cause co-preripltation, and the 
product was sintered in an electric oven at 500- C for 1 hour in air atmosphere, to prepare a sample 38 (cerium oxide). 
Then, zirconyl nitrate and cerium nitrate were mixed corresponding to the compositions of metal oxides shown In Toble 
2 and ammonia was added thereto for co-precipltatkm to prepare samples 39 and 40. 

TQ063] These samples were molded Into pellets having a diameter of 6 mm and a height of 3 mm. then, mixed into 
a 4 wt% colutlon of dinttrcdiammmeplniiniim (PHNO^NHaJe) in nitric acid in the same manner as In Example 1. Then, 
these mixtures were sintered In an electric oven at S00° C for 1 hour In air atmosphere to prepare CO shifting catalyst 
bodies comprising aemples 38 to 41 . They were filled as the CO shirting colalyct body fia Into the hydrogen refinement 
apparatus shown In Fig. 1 , the reformed gas was fed, and the CO concentrations after passing through the CO shifting 
catalyst bod»* 6a were measured by gas chromatography, in the same manner ae In Example 1 . The milts are shown 

pofiS] 6 2 This hydrogen refinement apparatus was operated lor 20O0 0 hours, and the CO concentrations after pass- 
ing through the CO shifting catalyst bodjea fia were measured again, to find that the CO concentrations after passing 
through the CO shifting catalyst bodies 6a when Iha samples 38, 39 and 40 were used were 0.19%, 0.15% and 0.16%. 
respectively. 



Table 2 



40 



46 



Sample No, 


(Composite) Metal oxide 


BET specific surface 
area (mftg) 


CO cone. (%) 


35 


AleCeO,, 


115 


0.18 


36 


A^Ce^ 


100 


0.17 


37 


AJ 3 Ce70 K 


90 


0.16 


3B 


CeOp 


80 


0.13 


39 


Ce B Z/0* 


B5 


O.I4 


40 


Cc/ZryO,, 


90 


0.15 


41 




88 


0.15 



SO 



56 



EXAMPLE 4 

[0065] The CO shifting catalyst bodies 6a were produced in the same manner as in Example 1 except that cerium 
oxide earners having different BET specific surface areas as shown in Table 3 were produced by controlling the sinter- 
ing temperature. Then, the reformed gas was ted to the CO shifting catalyst bodies 6a, and the CO concentrations of 
the shifted gas after passing through the CO shifting catatyst bodies 6a were measured by gas chromatography, In tha 
same manner as In Example 1 . Also after operation ot the hydrogen generating apparatus for 1 000 hours continuously, 
the CO concentrations of the shitted gas after passing through the CO sNtting catatyst bodies 6a were measured by 
gas chromatography. Tha results are shown In Table 3. 
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Table 3 



id 



is 



Sample No. 


(Composite) Metal oxide 


BET specific surface 
area (m 2 /g) 


CO COnC. yro) 


CJTl mnr after 1 000 

hours (%) 


36a 


Ce0 2 


7 


ZZ 


3.2 


38b 


Ce0 2 


9 


1.8 


1.8 


38c 


Ce0 2 


12 


0.45 


0.45 


30 


CaQ 2 


SO 


0.13 


0.14 


38d 


CeCv. 


240 


0.14 


0.14 


38 e 


CsO^ 


310 


0.66 


0.68 


38f 




390 


0.09 


0.89 



EXAMPLE 5 

20 [OOSel The CO lifting catalyst bodies (samples 33g and 38h) were produced In tho same manner as In the case 
cf tha CO shifting catalyst body (snmpte aft) of example 2. except that cerium oxide was obtained by employing cerium 
carbonate or cerium hydroxide in place of cerium nitrate. Then, the reformed gas was fed to the CO ' ^'^9 ^alyst 
bodies 6a In the sam* manner as In example t, and the CO concentration* after pa* sing through the CO shJftlnrj cata- 
lyst bodies 8a were measured by gas chromatography. The result* were 0.16% in case of sample 3Sg and 0.18% in 

25 case of 38h. 



3ff 



COMPARATIVE EXAMPLE 1 

[00671 The metal oxides shown in Table 4 were produced by heating alumina In an electric oven. These metal 
oxides were mulcted Into pellets rmvinfl a diameter of 6mm and a height of 3 mm, than, these pellets ware mb««( into a 
4 wt% solution of dinitrodlammineplatlnum (PUNO^NHafe) in nitric acid. These mixtures were sintered in an electric 
oven ai soo * C for 1 hour in air atmosphere to prepare CO shitting catalyst bodies (samples 42 to 46). 
[00681 Then, they were filled as the CO ahifting catalyst bodies 6a into the hydrogen refinement apparatus shown 
in Ftg, 1 , the reformed gas was fed, end the CO concentrations after passing through the CO shifting catalyst bodies 6a 
were measured by gas chromatography. In the same manner as in Example 1. The results are shown in (able 4. 



Table 4 



AO 



4S 



Sample No. 


(Composite) Metal oxide 


BET specific surface 
area (rrrVg) 


CO COI1C, (%) 


42 


AI 2 Q, 


0.9 


95 


43 


AfeO, 


fl.5 


1.8 


44 


AfeO, 


9 


5 


45 


AfeOx 


0.9 


9.5 


46 


AiaC, 


8.5 


3.0 



so EXAMPLE 6 

[0089] Alumina, sample 2 produced In Example 1 was molded into a pellet having a tfl ametor of 6mm and a height 
of 3 mm, then, this molded article was mixed Into a solution prepared by mixing a Pd salt. Rh salt or Ru saft in given 
ratin into a 4 wt% solution of dinltrodiammlneplatlnum (r^NOzMNHafc) In nitric acid, these mixtures were sintered in 
ss an electric even al 500 9 C for 1 hour In air atmosphere to prepare CO shifting catalyst bodies (samples 47 to 81 ) shown 
InTfeble 5. These CO shifting catalyst bodies comprising samples 47 to 61 were used es the CO shifting catalyst bodies 
6a in the hydrogen refinemenl apparatus shown In Fig. 1, and evaluated, In the same manner as In Example 1. The 
resuTts are shown in Table 5. 
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Table 5 



to 



is 



20 



Sample No. 


Noble Metal added 


Weigh! per 1 g of Pi 


CO cone. (%) 




47 


Pd 


O.08 


0.20 


n m 


48 


Pd 


0.1 


0.1 7 


U.U1 


49 


Pd 


0.3 


0.15 


U.LTil 


50 


Pd 


0,5 


0.16 


ft ftA 


51 


Pd 


0.6 


0.50 


1.0 


62 


Rh 


0.06 


0.20 


O.Ol 


63 


Htl 


O.I 


0.1 8 


0.01 


54 


nh 


0.3 


0.17 


0.04 


55 


Rh 


0.5 1 


0.13 


0.0B 


56 


Rh 


0.6 


0.60 


3.01 


57 


Ru 


0.09 


0.2U 


0.01 


5B 


Ru 


0.1 


0.16 


0.01 


59 


Ru 


0.3 


0.13 


0.04 


60 


Ru 


Q.S 


0.16 


0.119 


61 


Ru 


0.6 


O.BO 


4.05 



EXAMPLE 7 

*> I00T0] The sample 2 comprising platinum supported by the alumina pellet in Example 1 was filled in the hydrogen 
refinement apparatus shown in Fig. 1 as the GO shifting catalyst body 6a. 50 literfmln. or methane and 150 hter/min. of 
water vapor were introduced at the raw material feeding part 1 , and tney were heated by the heating burner 4 so that 
the temperature ot the reforming catalyst body 3a reached about 800° C to cause reaction. The produced gas after 
passing through the reforming catalyst body 3a was measured by gas chromatography to find that It contained, except- 
or Ing water vapor, about so% ot hydrogen, about 11% of CO, about 9% of carbon dioxide, end 300 ppm of methane. 
When this reformed gas was passed through the CO shifting catalyst body 8a, the CO con central] o n changed to about 
• 0.20%, and air was introduced through the eJr feeding part 10 so aa to obtain an oxygen concentration of 2% to cause 
a reaction over the CO purifying catalyst body 1 1 , to obtain a CO concentration of 5 ppm. 

[00711 The hydrogen generating apparatus was once stopped, and s tarts d-up again. This stopuiny and hUu ting-up 
4a operation was repeated 1200 times, and the reformed gas composition was measured to find that the CO concentration 
aft B r passing through the reforming catalyst body 3a was 11%, which had not changed, and after passing through the 
CO shifting catalyst body 6s, the CO concentration was n.2?%, and attar passing through the CO purifying catalyst 
body 1 1 , the CO concentration was 6 ppm. 

45 COM rWRATTVE EXAM PLE 2 

[0O72] A commercially available copper-zinc-based CO shifting catalyst (C18 manufactured by Toyo CC1) In the 
form of a pellet having a diameter of 6 mm and a height of 3mm was fiPed in the hydrogen refinement apparatus shown 
in Fig. 1 aetha CO shifting catalyst body 6a. 50 fiter/mln. of methane and 1 RO llter/mln. of water vapor were introduced 

so at the raw materialfeeding part 1 , and they were heated by the heating burner 4 so that the temperature of the reforming 
catalyst body 3a reached about BOO* C to causa rewution. The produced ga* after passing through the reforming catn 
tyst body 3a was measured by gas chromatography to find that it contained, excepting water vapor, about 80% of hydro- 
gen, about 1 1% of CO, about 9% of carbon dioxide, and 300 ppm of methane. When this reformed gas was passed 
through the CO shifting catalyst body Be, the CO concentration changed to about 0.11%, and air was introduced 

ss through the air feeding part 1 0 so as to obtain an oxygen concent rati on of 2% to cause a reaction over the CO purifying 
catalyst body 1 1, to obtain e CO concentration of 1 1 ppm. 

[0073] The hydrogen generating apparatus was once stopped, and started-up again. This stopping and starting-up 
movement was repeated 1200 times, end the reformed gas composUlcn was measured to find that the CO concerrtra- 
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tlon after passing through the reforming catalyst body 3a was 1 1%. which had nor changed, and after passing through 
Z >CO JSSm -tdyXdy 6a, the CO eventration was 1 .52%, and after passing through the CO purifying catalyst 
body 1 1 , tha CO concentration was 620 ppm. 

r00741 As apparent from comparison between the above-mentioned evaluation refute ol the wamplas andconv 
3 LemSve examples, according to the present Invention, a hydroflen purification apparatus can be prided ,n which the 
heaTrTslsS^ cTaCO sh'Zg catalyst body is improved, and which operate stably even it slopping and startup of 
the apparatus Is repeated. 



Claims 
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1. Ahydrogen retlnament apparatus comprising a reformed gas feed! part for leading a 
least androgen gas and water vapor, and a reaction chamber equlppe d with a carbon mor.ox.dB ah.ft.nB catalyst 
body positioned downstream from said mformed gas feeding part, 

wherein said carbon mono* da shifting catalyst body comprising a carrier composed of at least one metal oxide 
u having a BET specific surface area of 10 nftg or mora and Pt supported thereon. 

2. The hydrogen refinement apparatus In accordance with claim 1 , wherein the BET specific surface area of said car- 
rier Is 250 m 2 /g or leas. 

go 3. The hydrogen refinement apparatus In accordance with claim 1 , wherein said metal oxide Is at least one otf ds of 
one aclcotnd from tha group consisting of Mg. AX. SI, Ca. Ti, Cr. Fe. Zn. Y Zr. Nb. Mo, Sn, Ba and ianlhanoLd. 

4. I he hydrogen refinement apparatus In accordance with claim 1 . wherein cold metal ortde contains Ce. 
25 5. The hydrogen refinement apparatus in accordance with claim 4. wherein said metal oxide Gonial iw Zr. 

5. The hydrogen refinement apparatus In accordance with claim 1 . wherein said carbon monoxide shifting catalyst 
body comprise a carrier exporting Pd, Rh or Rn In an amount of 0.1 to 0.5% by weiflht based on Pt In addition 
to PL 

30 7. A method for operating a hydrogen refinement apparatus comprising a reformed gas feeding part for leeding a 
reformed gaa containing at least a hydrogen gas and water vapor and a reaction chamber equipped with a carbon 
monoxide shifting catalyst body positioned downstream from said reformed gas feeding part: said carbon monoxide 
shifting catalyst body comprising a carrier composed o1 at least one metal oxide having a BET specific surface area 

as of 1 0 mfyg or mora and Pt supported thereon, 

comprising the step of controlling the temperature of said carbon monoxide shifting catalyst body from 1SO to 
460" C. 

40 B. The method for operating a hydrogen refinement apparatus in accordance with claim 7, further comprising the step 
of controlling the temperature of the upstream side part of said carbon monoxide shifting catalyst body to more than 
the tempo nature of the downstream side part thereof. 

9. The method for operating a hydrogen refinement uppuralus i) . accordance with claim 7, wherein said reformed gas 
*s containing 24 to 50% by volume of water vapor Is fed. 
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FIG. 2 




FIG. 3 
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